changes in the composition or pressure of the cerebrospinal fluid. The period of recovery and its nature are very variable. A child can appear quite flaccid with dilated pupils and wake up suddenly with complete return to lucidity in a matter of a few minutes. Conversely the patient may remain unconscious for more than two weeks and gradually wake up over a period of many days. Occasionally there may be residual hemiparesis. Fortunately recovery from this state appears to be complete in the great majority of cases and children have shown no deterioration in their ability at school. It is therefore important to treat this complication with expectation of recovery for a long period. This also applies to the unconsciousness following cardiac arrest although failure of the patient to awake after such an incident has a much more serious outlook. Dr Edwin R Bickerstaff (Midland Centrefor Neurosurgery and Neurology, Smethwick) Neurological Complications of Chronic Respiratory Disease Neurological complications of disorders of respiration, rather than of diseases of the lung, will be discussed. Thus cerebral metastases, tuberculomata or cerebral abscess are not included, but only those syndromes which are associated with chronic respiratory insufficiency. These are usually associated with chronic bronchitis and emphysema, but in fact it is longstanding inadequate pulmonary ventilation which matters, whatever the cause. Neurological manifestations appear, therefore, in chronic bronchitis and emphysema; after extensive chest surgery such as thoracoplasty, if the other lung is also affected; in chronic fibrotic lesions of the lungs; and with such mechanical defects as severe kyphoscoliosis. To these must be added muscular disease, such as myasthenia gravis or poliomyelitis, where chest muscles are affected. Though the word 'chronic' has been used repeatedly, perhaps the most dramatic clinical pictures occur when acute disease, such as an infection, is superimposed upon a chronic disorder, aggravating impaired ventilatory capacity.
There are three main groups of neurological symptoms and signs: raised intracranial pressure; disturbance of consciousness or mentation; involuntary movements. Raised intracranial pressure: In emphysema the intracranial pressure usually is normal, but if an acute infection supervenes the pressure rises sharply (Westlake & Kaye 1954) . Inhalation of CO2 causes a rise in the intracranial pressure in normal individuals. In chronic emphysema, how-ever, it will be raised by inhalation ofeither carbon dioxide or oxygen. Several possible factors might explain this risevenous congestion, increased cerebrospinal fluid formation, cerebral cedema, or a direct effect of the CO2. The rise is seen in the absence of obvious venous congestion; the pressure falls so rapidly when inhalation ceases that it can hardly be due to a sudden cessation of increased cerebrospinal fluid formation, and the same applies to cerebral cedema. Carbon dioxide, however, is known to dilate cerebral vessels and the rise in normal subjects may well be due to the direct effect of the CO2.
With ventilatory insufficiency, however, this CO2 effect is present if there is hypercapncea, but right heart failure and venous congestion are often present, as well as polycythmmia. All the signs of intracranial hypertension have been found in the absence of obvious venous congestion, and in the absence of polycythamia, and it seems that these, though often present, are not necessary for the syndrome. There is some dispute about this, however, and venesection may considerably improve some patients (Chrispin 1962 ). The answer probably is that there may be more than one of these factors at work in many patients.
The symptoms consist of headache, often troubling the patient when lying down at night; waking him from sleep; and present on first waking in the morning; not as a rule accompanied by vomiting. Examination of the fundi in the milder cases shows merely a darkening of the background, followed later by tortuosity and engorgement of the retinal veins,' passing on to frank papilleedema with hwmorrhages, very like that seen in other types of raised intracranial pressure. Cameron (1933) first described this, and in his case the swelling was so severe as to lead to consecutive optic atrophy. The occurrence of retinal venous engorgement in emphysema has been known since the latter part of the nineteenth century (Mackenzie 1882). Disturbance of consciousness: The second group of patients are those who show fluctuating mental disturbances, ranging from drowsiness and confusion to serious disturbances of behaviour and to coma. The patients may be admitted in this state, so obscuring the respiratory abnormality. The coma differs from that due to tentorial herniation resulting from a cerebral tumour (a diagnosis usually suspected if papillkdema is present as well) by the normal pupil reflexes and, of course, the absence of focal signs. The onset of symptoms is usually rapid, but their severity varies from hour to hour, and there has almost invariably been either an acute flare-up of infection on a background of chronic insufficiency, or bronchial obstruction, or misguided therapeutic enthusiasm.
The important factor in precipitating coma, once again, is the rapid decrease in an already deficient ventilatory capacity. Thus to infection, bronchial obstruction, pulmonary collapse, must be added over-sedation. This may come from the patient's own action in taking a lot of alcohol, or from the unwise prescription of sedatives. Many of these syndromes occur only after hospitalization, because several new factors are brought into the picture. If the patient is admitted in an agitated state he m4y be giVen sedatives, placed in a side room and forbidden visitors, so that all normal external stimuli to ventilatory effort are removed, and CO2 retention builds up. In addition his respiratory failure results in anoxia and the natural temptation is to restore the oxygen lack as quickly as possible. It is well known that CO2 is a powerful respiratory stimulant, but in chronic CO2 retention the respiratory centre loses its susceptibility to CO. changes, and it is the concurrent oxygen lack acting on aortic and carotid body receptors which supplies the main respiratory stimulus. Oxygen is required, of course, but by giving it too liberally this last stimulus is removed, so that there is further hypoventilation and greater CO, retention. A conscious patient may be precipitated into coma by this means, and though all who work in respiratory units realize the hazards involved, I am not sure that it is common knowledge. Involuntary movements: These have been variously and rather inadequately labelled as tremors, twitchings or myoclonus (Austen et al. 1957) . Tremors do occur, affecting the fingers mainly, coarse in nature and sometimes with the side-toside independent movement of the fingers that I described in collagen disease (Bickerstaff 1963) . The so-called twitchings are, however, not really myoclonic, which is a term suggesting a sudden jerk-like movement occurring in limbs otherwise at rest. The twitching is, in fact, seen in limbs attempting to maintain some degree of posture, and it most closely resembles the phenomenon seen in hepatic pre-coma. It is best demonstrated by getting the patient to hold his arms out in front with the hands dorsiflexed, when there will be a repeated drop in the posture affecting sometimes the hands, sometimes the whole arm, perhaps with a compensatory upward kick afterwards. These movements may cause the patient apparently to throw things about when trying to carry them, and the phenomenon has been termed asterixis, i.e. absence of maintained posture (sterixis) (Adams & Foley 1953 ). Electromyography shows a sudden loss of muscle activity in both agonists and antagonists diring these movements, as opposed to the active contractions in myoclonus.
The occurrence of asterixis, or the 'metabolic flap', in respiratory insufficiency and in liver failure may not be entirely unconnected. The patients in whom these movements have been most marked have in fact been those with polycythimia. Gautier-Smith (1966) recently presented an interesting paper on the association of polycythiemia and chorea, and the possibility of associating this with liver disorder secondary to polycythimia was discussed. Certainly the movements seem quite different from those following presumably anoxic lesions demonstrated by Pampiglione (1963, 1967) in children after cardiac arrest. They vary from being very slight to being so severe as to prevent the patient from sitting up in bed.
Mechanism ofSymptom Production and Management
Presumably many factors are at work including oxygen lack, CO2 retention and polycythlmia. In patients who have died in the coma of emphysema there has been congestion and engorgement of the small cerebral vessels and perivenous himorrhages, without obvious peripheral venous congestion. Such symptoms have also been reported without any appreciable polycythemia.
They are uncommon in anoxia, such as in carbon monoxide poisoning, and in general it still seems reasonable that they represent mainly the effects of CO. retention, so that the object of treatment is to reduce the CO, excess as well as to restore normal oxygenation. This requires measures aimed at improving ventilation, stimulating respiration, and avoiding respiratory depressants like alcohol, sedatives and isolation. Full antibiotic therapy is essential to combat the acute infection; physiotherapy will improve respiratory excursions and in the worst cases assisted respiration may be required, with or without tracheostomy. If polycythemia is marked, venesection may also be required.
Oxygen therapy needs to be carefully controlled, regulated and gradually increased, with careful watch on blood pH and Pcos. Westlake et al. (1955) stated that in these patients an arterial pH over 7-3 and PcO2 less than 80 mmHg usually means a conscious and normal patient; pH less than 7-2 and Pco, above 100 means mental disturbances; and pH less than 7-1 and Pco2 above 120 means coma.
All these neurological changes, at one time thought to have the most grave significance, can be reversed, and the patients may return to normal (Stevens et al. 1963) , though their life expectancy from the respiratory insufficiency itself is obviously limited. A successful outcome depends upon early recognition of the condition, with a realization that its occurrence may even be iatrogenic in origin. Open-heart surgery, with and without hypothermia and with bypass of the heart and often of the lungs has achieved a notable alleviation of cardiac symptoms and prolongation of life. Among reports of brain damage complicating this type of surgery, the cases substantiated by adequate neuropathological examination remain few. The relatively minor lesions due to antifoam are well documented but the first description of a more extensive neuropathology was that of Bjork & Hultquist (1960) who considered brain damage to be the cause of death in 8 of 11 cases (all children). Similar brain damage was described in some of the 11 patients reported by Brierley (1963) .
The present series includes the latter 11 cases and consists of 51 brains received from 6 cardiac surgical units. Three were rejected because the survival time was less than five hours and 2 because documentation was inadequate. In the remaining 46, autopsy records were available and the brain was examined macroscopically. Microscopic examination included frozen sections (for fat) and paraffin sections from the occipital and temporal lobes and the cerebellum. If these contained no lesion that could be related to the operation, the brain was regarded as normal (although older embolic lesions might have been present). When they revealed relevant lesions, further sections from each occipital, frontal and temporal lobe (including basal ganglia), cerebellum and three levels in the brain stem were stained to demonstrate neuronal, glial and mesodermal elements.
In every case the age, sex, cardiac lesion and previous history were known. During the operation, the method of perfusion and its rate and pressure, the degree of hypothermia, periods of circulatory arrest and aortic clamping, the use of low-molecular-weight dextran and any evidence of air embolism were recorded. After perfusion, the course of restoration of cardiac function, the state of consciousness, acidosis, localizing neurological signs and epileptic seizures were noted.
The series consists of 23 males and 23 females between 7+ and 55 years and with a survival range of six and a half hours to six months. External cooling was used in one patient; venovenous cooling in 1; perfusion of the left heart at normal temperature in 1; and total cardiopulmonary bypass in 43. Thus perfusion with autogenous oxygenation (Drew 1961) is not represented. In addition there was brain damage due to moderate and sustained hypotension (Adams et al. 1966) differing from that of circulatory arrest only in that the hippocampus is virtually spared and cerebellar damage is consistently severe.
Neuropathological Findings
The incidence of the types of brain damage was: Focal and geographical 26; circulatory arrest 4; moderate hypotension 3; minor emboli 4; normal 9. Circulatory arrest: There were 2 males and 2 females between 13 and 55 years; of these, 2 had Fallot's tetralogy, one had mitral stenosis and incompetence, and one had aortic stenosis and incompetence. Post-operative survival was ten and a half hours to eleven days. The range of hypothermia was 280 to 19°C and of perfusion 60 to 170 min (without deliberate circulatory arrest). After the operation, one of the patients was unconscious. There were no localizing neurological signs. In each, a period of ventricular fibrillation or cardiac arrest had occurred after perfusion and at normal body temperature. Moderate hypotension: There were 2 males and 1 female with an age range of 7+ to 19 years; 2 had Fallot's tetralogy and one had atrioseptal defect with pulmonary stenosis. Post-operative survival was three to thirty days. The range of hypothermia was 28.50 to 17°C and of perfusion 60 to
